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Abstract 
The River Nile is considered the most important sources of fresh water for Egypt, supplying all agricultural, cultural 
needs (drinking water and other civilization uses), industry, and river navigation for transport and tourism ships and 
boat. Polynuclear aromatic hydrocarbons (PAHs) compounds are considered an important class of hazardous 
environmental contaminants because some exhibit carcinogenic or mutagenic properties. PAHs can be divided 
according to the number of rings into low and high molecular weights PAHs. The low molecular weights consist of 
two and three aromatic rings (LPAHs). While the high molecular weight consists of tetra-, penta and hexa- aromatic 
rings (HPAHs). Four to six ring PAHs is highly mutagenic and carcinogenic while two or three ring PAHs are less 
mutagenic but can be highly toxic. The concentrations of PAHs in the river water at the area of El-Qanater El-
Khairiya and El-Waraq was determined in order to assess the anthropogenic chemical inputs from navigation 
activities of; touistic ships sailing and passenger transportation as well as to assess the weathering effect on the PAHs 
concentrations. Water samples were selected from ten sites from the main River Nile, Dameitta Branch, Rosetta 
Branch, El-Rahyaha El-Nassery, and El-Rahyaha El-Menofy in October 2010. Quantification of PAHs using high 
performance liquid chromatography technique was carried out. Concentration and spatial distribution of individual 
PAHs of the reference 16 PAHs listed by the United States Environmental Protection Agency (US-EPA) were 
investigated in surface water of the study area. The sources of 16 PAHs (pyogenic and perterogic) were achieved 
using both PAHs distribution and molecular indices based on ratios of selected PAHs concentrations. Total PAHs 
ranged from 620- 1049 μg/l with an average of 794 μg/l. The highest value of total PAHs found in Dameitta Branch 
while the lowest one found in El-Rahyaha El-Nassery. The summation of LPAHs ranged from 1.3- 10.1 μg/l, while 
the summation of HPAHs ranged from 615- 1047 μg/l. The contamination in the study area was shown to be either 
pyrogenic or mixed pyrogenic and petrogenic. It was found that the PAHs in the study area were mainly derived from 
combustion coming from the traffics, heating system and run off. Meanwhile, the sources of pollution include 
petroleum-derived hydrocarbons which contributed to minor inputs. The obtained values can be considered to possess 
serious health hazards to both human health and all living organisms. 
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1. Introduction 
Fresh water is a finite resource, essential for agriculture, industry and even human existence. Without 
fresh water of adequate quantity and quality sustainable development will not be possible. Water pollution 
and wasteful use of fresh water threaten development projects and make water treatment essential in order to 
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produce safe drinking water [1]. Social impacts of pollution include health consequences for employees' 
aboriginal people from polluted drinking water and degradation of biological resources [2]. Discharge of 
toxic chemicals contributing contaminants surface waters. Oil spills into rivers and in land water reservoirs 
are among the most dangerous kind of environmental pollution. Polycyclic aromatic hydrocarbons (PAHs) 
are an important class of persistent organic pollutants prevalent in the environment. The majority of PAHs 
derive from anthropogenic sources [3] with the highest concentrations typically found in urban centers. 
Petroleum hydrocarbons from sewage discharge and runoff coupled with industrial effluents, oil spill, motor 
boat traffic, motor vehicle emission, fossil fuel combustion and aerial deposition contribute to the array of 
pollutants found in aquatic ecosystem [4]. PAHs are considered the main dangerous organic pollutants in the 
environment. These substances are widely distributed and not completely degradable those have received a 
lot of attention due to their ubiquitous distribution in water and sediments [5]. They cause hazardous effects 
to the environment due to their high toxicity, carcinogenic and mutagenic properties and their stability in the 
environment [6]. PAHs are well known environmental pollutants at low concentrations and included in the 
European Union and US Environmental Protection Agency (EPA) priority pollutant list [7]. The health 
hazard posed by these compounds has been studied extensively by several authors [8]. Egypt faces a rapidly 
increasing deterioration of its surface water due to the increasing discharge of heavily polluted domestic and 
industrial effluents into its water ways. River Nile is considered as one of the most important rivers in the 
world, it suffers from severe increase in pollutants' levels due to the direct and indirect discharge of different 
effluents into its water body. Tourism is viewed as one of the most important industries and a source of 
national income. These are of much interest in the floating hotels and Nile cruise is the biggest tourist 
attraction in Egypt. More than 55 boat offer Nile cruise, the high season for cruise is from October to April 
and, the low season for it from May to September [9]. Although tourism is generally less dangerous for the 
environment than the majority of other activities (industry, in particular) it does contribute, directly or 
indirectly, to the increased pollution of air, water and land [10]. The concentrations of PAHs in the river 
water at the area of El-Qanater El-Khairiya and El-Waraq was determined in order to assess the 
anthropogenic chemical inputs from navigation activities of; touistic ships sailing and passenger and 
commercial transportation as well as to assess the weathering effect on the PAHs concentrations. 
2. Material and Methods 
The samples of surface water were taken from the River Nile at the area of El-Qanater El-Khairiya and El-
Waraq in October 2010. They were taken from ten sites from the main River Nile, Dameitta Branch, Rosetta 
Branch, El-Rahyaha El-Nassery, and El-Rahyaha El-Menofy, figure (1), table (1). In this area the navigation 
activities including anchorages, touistic boat sailing and passenger as well as commercial transportation 
whose fueling services and exhausts might cause negative impacts to the river water. Surface Water Samples 
were collected using narrow neck borosilicate glass bottles with teflon linked caps. These sites were chosen 
to represent an expected gradient PAHs contamination to Nile water in the area under study due to 
navigational activities and vehicular emissions. The samples were acidified to pH 2 using 10% HCL to 
preserve them against bacterial action during transportation and storage [11]. The samples were stored in the 
dark at a temperature approximately 4°C until analysis [3]. Determination of the oil content was carried out 
using a simple gravimetric method [12] and the extracted oil contents of the samples were dealing to subject 
to HPLC analysis. The apparatus used was model waters HPLC 600E, equipped with dual UV absorbance 
detector waters 2487 and auto sampler waters 717 plus attached to computerized system with Millennium 3.2 
software. The sixteen PAHs standards were obtained from supelco. They include Naphthalene (Nap), 
Acenaphthylene (A), Acenaphthene (Ace), Fluorine (F), Phenantherene (Phe), Anthracene (Ant), 
Fluoranthene (Flu), Pyrene (Pyr), Benzo(a)anthracene (BaA), Chrysene (Chr), Benzo(b)fluoranthene (BbF), 
Benzo(k)fluoranthene (Bkf), Dibenzo(a,h)anthracene (DahA), Benzo(a)pyrene (BaP), Benzo(ghi)perylene, 
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Indeno(1,2,3-cd)pyrene (IP). The conditions of separation are carried out according to those given by Lal et. 
al. [13]. The PAHs identification was performed by comparison of their retention time with those of their 
corresponding standards. 
 
 
 Navigation lock 
 
 
 
 
 
 
 
 
 
El-Waraq island 
 
Fig 1. Sampling Locations 
Table 1. Detailed Description of Sampling Locations 
Sites Location Description 
1 031° 07’ 30“ E 30° 11’ 59.3“ N Damietta Branch, navigation lock  
2 031° 07’ 45“ E Damietta Branch, El-Sheaer  island 30° 11’ 27.5“ N 
3 031° 07’ 14.7“ E 30° 11’ 15.2“ N El-Rahyaa El-Monofy 
4 031° 06’ 5“ E Rosetta Branch, El-Shalalat 30° 11’ 35“ N 
5 031° 07’ 5.8“ E El-Rahyaa El-Nassery 30° 10’ 41.4“ N 
6 031° 07’ 12.4“ E El-Rahyaa El-Nassery 30° 10’ 40.4“ N 
7 031° 07’ 31.5“ E Rosetta Branch 30° 10’ 32.7“ N 
8 031° 13’ 20“ E River Nile, El-Waraq island 30° 6’ 12“ N 
9 031° 13’ 14“ E River Nile , El-Waraq island 30° 6’ 20“ N 
3. Results and Discussion 
The chromatogram of individual distributions 16 PAHs standard listed by the United States Environmental 
Protection Agency (USEPA) [14], obtained by using HPLC analysis. These PAHs can be divided according 
to the number of rings into low and high molecular weights PAHs. The low molecular weights (LPAHs) 
consist of two and three aromatic rings, which are 6 LPAHs. While the high molecular weight (HPAHs ) 
consists of tetra-, penta and hexa- aromatic rings, they are 10 HPAHs [14]. Qualitative identification of the 
individual PAHs using HPLC for the extracted oils from water samples is shown in the representative 
chromatogram of figure (2). Careful examination of the HPLC chromatograms shows that, each sample has 
its own distribution pattern and all have most of target compounds. The brief identification of the present 
PAHs as well as the total PAHs in the different water samples in the River Nile, which forms the main water 
source of Egypt, shown in table (2), this table also reveal that the presence of both LPAH and HPAH. The 
highest value of total PAHs found in site No. 1, which found near to navigation lock at Damietta Branch 
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while the lowest value found in site No. 6 as shown in figure (3). The present values of this study were higher 
than that recorded in the surface water by Shara S. and Moustafa Y., 2009 [15] in the region from El-Manyal 
to El-Maadi in the River Nile as well as that recorded by Badawy M., and Embaby M. 2010 [16] in four sites 
in the River Nile at Beni-Suif, Greater Cairo, Fowa, and Meet-Faris. 
 
 
 
 
 
 
 
 
Fig 2. Representative Chromatogram for Water Samples 
 
Table 2. PAHs Distributions (μg/l) in the Study Area 
 
Rings No. PAHs 1 2 3 4 5 6 7 8 9 10 
2 Naphthalene (Nap) Nil 0.67 1.87 1.28 Nil 0.82 0.96 Nil Nil Nil 
Acenaphthylene (A) Nil Nil 0.510 Nil Nil Nil Nil Nil Nil Nil 
Acenaphthene (Ace) 0.09 0.10 0.18 0.41 1.03 0.57 0.45 0.63 0.39 0.68 
3 Fluorine (F) 0.07 Nil 0.31 0.18 Nil Nil Nil Nil Nil Nil 
Phenantherene (Phe) 0.50 1.14 1.09 0.04 0.88 0.36 0.03 0.04 0.01 0.03 
Anthracene (Ant) 0.62 4.65 6.16 4.88 7.20 2.42 2.66 5.80 3.18 3.47 
 (6 LPAH) 1.3 6.6 10.1 6.8 9.1 4.2 4.1 6.5 3.6 4.2 
Fluoranthene (Flu) 0.74 4.62 4.76 4.36 3.68 0.18 0.28 2.73 0.10 0.29 
Pyrene (Pyr) Nil 2.52 2.32 2.41 Nil 2.69 3.87 1.31 4.54 4.43 
4 
Benzo(a) Anthracene (BaA) 0.38 1.98 4.19 0.90 0.44 1.14 0.33 0.52 0.16 0.45 
Chrysene (Chr) 0.25 0.69 0.44 0.49 0.36 0.24 0.14 0.17 0.63 0.40 
Benzo(b) Fluoranthene (BbF) 0.50 0.41 0.56 0.38 0.78 0.36 0.23 0.21 0.13 0.23 
Benzo(k) Fluoranthene (Bkf) 0.02 0.10 0.03 0.03 0.08 0.30 0.03 0.17 0.03 0.15 
5 
Benzo(a) Pyrene (BaP) 353 306 361 308 311 322 214 223 220 216 
Dibenzo(a,h) Anthracene (DahA) Nil 2.46 3.19 2.13 2.13 1.76 1.15 1.49 1.16 0.94 
Benzo(ghi) Perylene 465 Nil Nil Nil Nil Nil Nil Nil Nil Nil 
6 
Indeno(1,2,3-cd) Pyrene (IP) 227 460 291 586 628 287 457 584 573 410 
 (10 HPAH) 1047 779 667 904 946 615 677 813 799 633 
           
Total PAHs 1049 785 677 911 955 620 681 819 803 637 
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Fig 3. Distribution of total PAHs         
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Fig 4. Predominance Rings of PAHs 
PAHs generated through different anthropogenic activities. In order to determine the origin of PAHs, it is 
helpful to assess the type and concentration of PAH compounds present. The petroleum-derived PAH 
assemblages contain high amounts of the low molecular weight PAHs [17], [18]. Combustion-derived PAH 
results from pyrolytical synthesis at high temperature. These PAH assemblages tend to contain more of 
higher molecular weight PAHs (HPAH). In the present study the mean concentration of naphthalene in water 
samples was 1.12 μg/l with maximum value of 1.87 μg/l found in site No. 4 at Rosetta Branch, El-Shalalat 
area, may be due to high navigation activities of touistic boat sailing. These results indicate that the recent 
pollution of River Nile water was derived from petrogenic source.  On the other hand naphthalene was not 
detected in five sites; this disappearance may be explained on the basis of its high vapor pressure and 
therefore its susceptibility to weathering. The percentage values of LPAH and HPAH confirmed that the 
River Nile water contains high values of PAHs derived from combustion and other PAH sources to the 
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aquatic environment including runoff, atmospheric deposition, sewage and industrial effluents [19], [20], 
[21]. Pyrogenic sources, such as the combustion-derived particles present in urban atmospheric dust, were 
depleted in low molecular weight 2-3 rings PAHs (LPAH) and enriched in high molecular weight 4,5,6 rings 
PAHs (HPAH), which led to LPAH /HPAH ratios <1. Petrogenic sources, such as fuel oil or light refined 
petroleum products, were dominated by LPAH and had LPAH /HPAH >1 [22]. Table (2) and figure (4) 
illustrated the predominance rings of PAHs in different water samples, which indicate that 5 and 6 rings 
PAHs was abundant in all water samples. Also the results revealed that the samples contain only 0.7 % 
LPAH, which are readily modified by weathering or degradation. However, the HPAH predominated in the 
samples and represented 99.3% of the total PAHs. These indicate that surface water received anthropogenic 
PAHs from different sources [5], [23]. The difference in the distribution of the different ring numbers were 
logically due to the different fuels used. The presence of three to six rings parent PAHs with concentration < 
0.1 ȝg/l was indicating of low pollution, whereas values higher than 1 ȝg/l correspond to chronically polluted 
areas [14]. Weathering causes considerable changes in the chemical and physical properties of spilled oils as 
well as PAHs [20] due to evaporation, dissolution and biodegradation, where low molecular weights PAHs 
are thought to be selectively disappeared. As weathering increases, the summation of the 6 LPAHs decreases. 
Generally the results obtained from tables (2) show different weathering rates. 
 
A less subjective approach to investigate sources can be achieved using molecular indices based on ratios 
of selected PAHs concentrations [14] they were chosen according to their thermodynamic stability. Among 
the three ring isomers phenanthrene is thermodynamically more stable than anthracene and among the four 
ring isomers fluoranthene is thermodynamically less stable than pyrene. Petrogenic favors the formation of 
thermodynamically more stable PAHs, while pyrolysis at high temperature generates the less stable isomers. 
Phenanthrene/anthracene (Phe/Ant) and fluoranthene/pyrene (Flu/Pyr) have been used to distinguish between 
pyrolytic and petrogenic origin of PAHs. Phe/Ant ratios higher than 10 are seen in petroleum inputs and 
values lower than 10 are characteristic of pyrogenic sources. Flu/Pyr ratio <1 are characteristic of petrogenic 
origin and > 1 for pyrogenic origin [6]. The present results in table (3) for Phe/Ant ratio indicated that all 
sites have values < 10 indicating pyrogenic origin. While the results for Flu/Pyr ratio showed that sites 2, 3, 
4, and 8 have values >1 indicating pyrogenic origin of PAHs. In sites 1 and 5 flourancene only found 
indicated about the purely of pyorgenic sources. On the other hand Flu/Pyr ratio have values <1 in samples 6, 
7, 9, and 10 indicating petrogenic origin. 
 
 Table 3. Molecular Indices of PAHs  
 
 
 
Sites Phe/Ant Flu/Pyr   6 LPAHs  10 HPAHs  6L :  10H 
 1 0.797 ----* 1.28 1047.47 1:816 
 
 
2 0.246 1.830 6.56 778.65 1:119 
 3 0.177 2.055 10.12 667.06 1:66 
 
 
4 0.008 1.811 6.80 904.12 1:133 
 5 0.122 ----* 9.10 946.26 1: 104 
 6 0.150 0.068 4.16 615.35 1:148 
 
 
7 0.012 0.072 4.09 676.91 1:165 
 8 0.006 2.079 6.47 812.79 1:126 
 
 
9 0.004 0.023 3.58 799.29 1:223 
 
10 0.009 0.067 4.18 633.17 1:151 
----*: Pyrene compound not found 
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4. Conclusions 
x The 16 anthropogenic PAHs were quantitatively analyzed in this study. The total PAHs 
concentrations of surface water ranged from 620 to 1049 μg/l with an average of 794 μg/l. 
Contamination levels of PAHs in surface water samples can be categorized as high on global 
scale. 
x The River Nile can be considered as oil polluted area due to the presence of different types of 
polynuclear aromatic hydrocarbons.  
x Sources analysis revealed that pyrogenic sources and mixed pyrogenic and petrogenic sources 
played a major role at the locations of study in the River Nile. The results show that there exist 
strong correlations between an increase in navigation activities as well as urbanization, 
industrialization, and traffic density with high levels of PAHs in surface water. 
x It was found that the pyrolytic PAHs contribution in the surface water of the study area of the 
River Nile ranged between 98.51% and 99.88%. These results confirm the importance of PAHs 
inputted into the surface water from combustion coming from traffic, heating system and runoff. 
The contribution of LPAHs ranged from 0.12% to 1.49% indicated that there are other sources of 
pollution including spills of oil petroleum-derived hydrocarbon compounds.  
x The variations of PAHs, especially LPAHs, in lower concentrations might be explained on the 
basis of weathering effects of which the temperature and wind are the most important factors. 
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